in rats. The aim of the present study was to determine the mechanism involved in increased Ca transport by DFA III ingestion. The short-term and long-term effects of DFAIII feeding on Ca transport were determined using isolated epithelium from the small and large intestine in rats.
INTRODUCTION 1

Morphological index of cecal epithelium
The cecal preparation for morphological observation was obtained by cutting a 6 mm wide strip of tissue along the circumference of the cross section of the cecum at 3/4 of the distance between the ileocecal valve to the end of the cecum. The strip was fixed in a 3.3 mmol/L buffered formaldehyde solution for future histological analysis. The fixed 6-mm cecal segments were cut into 7-µm cross-sections on a glass slide using cryostat, and stained with hematoxylin and eosin. Only 10 well-oriented crypts, in which the base, lumen and the top of the crypt could all be seen, were selected per segment of the cecum. The consistency of the crypts was obtained by positioning the micrometer along the luminal surface and counting the number of complete crypts per 1 mm. The depth of the crypts from the top to the base was measured in µm, and the number of cells in the crypt was counted (cells/crypt) using an optical microscope.
The electrical portrait of the whole cross section of the cecal tissue was obtained and analyzed by computer system.
The outside circumference along serosa and the inside circumference along the top of the crypts in the cecal section, which is expected to indicate the inner area of the lumen, was measured using soft ware program (Scino Image, Scino corptation, USA). The two parameters are expected to indicate the outer and inner area of the cecum, respectively. 
Analyses
The Ca concentrations in the serosal medium were measured by a colorimetric method using a commercial kit (Calcium C-Test, Wako Chemical Co., Osaka, Japan). Intraand inter-assay coefficients of variation for Ca determination were below 2% (stock standard sample ) and 9% (same sample at 5 assays). There were no significant differences in initial and final body weights, body weight gain or food intake over the experimental period between groups fed the control and DFAIII diets (Table 2) . Similarly, there were no differences in the wet weights of the small intestine or colon, or in their contents between the two diet groups (Table 3 ). The wet weights of the cecum (P < 0.005) and cecal contents (P < 0.001) in rats fed the DFAIII diet were, however, significantly greater than those in rats fed the control diet. The pH in the contents of the small intestine was similar between the two diet groups, while the pH in cecal and colonic contents were lower (P < 0.001) in rats fed the DFAIII diets than in rats fed the control diets.
Regarding the morphological indices of the cecal epithelium (Table 4) , the outside (P < 0.05) and luminal circumference (P < 0.01), and the ratio of luminal:
outside circumference (P <0.005) of the cecal tissue preparations from rats fed the DFAIII diet were greater than those in rats fed the control diet. The depth of crypt (P < 0.001) and the number of cells per crypt (P < 0.005) in the DFAIII groups were significantly greater than those in the control diet groups. There were no significant differences in the width of epithelial cells in the crypts or the number of crypts per 1 mm of cecal epithelial circumference between the two diet groups.
There were no significant differences in total and soluble Ca pools, soluble Ca concentration, or the ratio of soluble Ca pool in the contents of the small intestine and the colon between the two diet groups ( Table 5 ). The total (P < 0.001) and soluble Ca pools (P < 0.001), and soluble Ca concentration (P < 0.05) in the cecal contents of rats fed the DFAIII diets were higher than those in the rats fed the control diets. There were no significant differences in the percentage of the soluble Ca pool to total Ca pool in the cecal contents between the two diet groups.
There were no differences in basal (without luminal DFAIII application) net Ca absorption or LY permeability in the small intestinal mucosa between rats fed the control diet and rats fed DFAIII diet (Fig.2AB) . Application of 100 mmol/L DFAIII in the mucosal medium enhanced net Ca transport and LY passage in the small intestinal preparations in both diet groups (P < 0.05). However, there were no differences in the increase in net Ca absorption or LY permeability induced by luminal application of DFAIII between the two diet groups. For the large intestinal epithelial preparations, luminal application of DFAIII affected the net Ca absorption and LY permeability in the cecum (Fig. 3AB) . Basal Ca transport in the cecal epithelium in rats fed the DFAIII diets was higher than that in rats fed the control diets. There were no differences in basal LY permeability between rats fed the control and the DFAIII diets. Application of DFAIII in the mucosal medium enhanced net Ca transport and LY passage in the cecum of both diet groups (P < 0.05).
The degree of the increase in net Ca absorption and LY passage were greater in the rats fed the DFAIII diet than in rats fed the control diet (P < 0.05).
There were no differences in basal net Ca absorption or LY permeability in the colonic mucosa between rats fed the control diet and rats fed DFAIII diet (Fig. 4AB ).
Application of 100 mmol/L DFAIII in the mucosal medium enhanced net Ca transport and LY passage in the colonic preparations in both diet groups (P < 0.05). However, there were no differences in the increase in net Ca absorption or LY permeability induced by luminal application of DFAIII between two the diet groups.
Regression analysis for the relation between the net Ca absorption and LY permeation was evaluated for the three portions of the intestine, respectively ( Fig. 2-4C ).
Statistically significant (P < 0.001) positive linear relations were observed between net Ca absorption and LY passage in the small intestine, cecum and colon isolated from the rats fed the control and the DFAIII diets.
The amount of acetic and propionic acid, total SCFA (sum of acetic, propionic, n-butyric, iso-butyric, n-valeric and iso-valeric acids), succinic and lactic acid in the cecal contents were higher (P < 0.001, 0.005 or 0.01) in rats fed the DFAIII diets than in rats fed the control diets (Table 6 ). However, there were no differences in the amount of main (acetic, propionic and butyric acid) and total SCFA, and lactic acid in the cecal contents between the control and test diet groups (Table 7) . Anaerobic bacterial population in the cecal contents in one rat fed the control or DFAIII diet was 2.8 X 10 The relation between net Ca absorption without luminal DFAIII application in chamber system (basal Ca transport) and some factors in the cecum or the cecal contents in rats fed control and DFAIII diets were evaluated by regression analysis (Table. 8 ). There was positive correlation between the basal Ca transport and the weight of the cecal wall, luminal circumference of cecal section, the ratio of lumen:
outside length of section, the depth of crypt, or the number of cells per crypt height.
There was a negative correlation between the Ca absorption rate in and the pH of the cecal contents. The Ca absorption in the cecal epithelium was correlated with the concentration of acetic, propionic or iso-butyric acids, total SCFA, succinic, and lactic acid in the cecal contents. There were no significant relations between the wet weight of cecal contents and Ca transport in cecal epithelium.
DISCUSSION
In the present study, ingestion of DFAIII for 14 days did not affect growth, food intake, or weight of the small intestine or colon in rats. The DFAIII feeding also have no affect on net absorption of Ca and permeability of LY in the isolated epithelium of the small intestine or colon. Repeated ingestion of DFAIII did increase in cecal weight, and net Ca transport and LY permeation in the isolated cecal epithelium. Positive linear regressions were obtained between net Ca absorption and LY permeation in the small intestine, cecum and colon (P < 0.001). LY is reported to act as a marker of paracellular passage, in which is regulated by TJs (10) . Thus, the increase in Ca transport and LY passage with repeated feeding of DFAIII is thought to occurr via the paracellular route in the cecal tissue. These changes induced by the feeding of DFAIII are similar to those in our latest report (8) . The repeated ingestion of DFAIII affects the ability of the epithelial tissue in the cecum in rats. Intraluminal infusion of sorbitol increases Ca absorption in the small intestine of rats (18) . Using a tracer technique with 45 Ca, maltitol was found to stimulate Ca absorption in rats (19). In in vitro experiments using everted sacs or isolated preparations, maltitol (20), and polydextrose (21) were also seen to stimulate Ca absorption in the small intestine of rats. Various indigestible sugars were also found to increase net Ca absorption in the isolated epithelium of small and large intestine in rats using an Ussing chamber technique in vitro (6) . Using everted sacs, DFA III in the mucosal medium has been found to stimulate Ca transport from the mucosal side to the serosal side in the rat jejunum, ileum (2) and colon (4). Our preliminary experiment using the same chamber system also revealed that luminal application of DFAIII increased Ca absorption in isolated epithelial tissue of the small and large intestine in rats (6,7). The present study also revealed that luminal application of DFAIII directly affected the epithelium itself, and increased Ca transport in the small and large intestine in rats.
Improved fermentation of resistant carbohydrates is also thought to be a factor in promoting transepithelial Ca transport in the large intestine (22,23). SCFAs and other organic acids (lactic acid, succinic acid, etc.) produced through microbial fermentation decrease the pH of the cecal contents and thereby convert insoluble Ca to a soluble ionic form (22,24). Indeed, in the present study, a decrease in the pH, and increases in the soluble Ca pools and the soluble Ca concentrations were observed in the cecal contents in rats fed the DFAIII diets.
In balance studies in vivo, a positive correlation exists between apparent Ca absorption and total SCFA, acetic, propionic and butyric acid concentrations in the cecum of rats fed oligosaccharides (25) or soluble soybean fiber (26). The infusion of SCFAs into the colon or rectum in known to stimulate Ca absorption in humans in vivo (27,28). Luminal perfusion of SCFAs also enhances Ca absorption in the colon in rats (29) . In our previous study using the same chamber technique, luminal application of SCFA enhanced net Ca transport from the mucosal side to the serosal side in isolated rat epithelial tissue in vitro (30) . These in vivo and in vitro experiments indicate that SCFAs in the lumen promptly stimulate Ca transport in the epithelial tissue of the large intestine. However, in this experiment, the isolated cecal epithelial tissue was not exposed to SCFAs in the chamber system. Thus, changes in Ca transport activity, especially in the basal conditions, must have already occurred before isolation from the body. --------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------ 
-------------------------------------------------------------------------------------------------------COMPOSITION OF CONTROL AND TEST DIETS
---- Element Control diet (g) Test diet (g) -------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------------INITIAL AND FINAL BODY WEIGHT, BODY WEIGHT GAIN, AND FOOD
INTAKE OF RATS FED THE CONTROL OR DFAIII DIET FOR 14 DAYS
---- Control diet DFAIII diet P-value ---------------------------------------------------------------------------------------------------------- Initial
----------------------------------------------------------------------------------------------------------
Values are mean ± SEM (n = 8). The values of initial and final body weight, body weight gain, and food intake were analyzed by unpaired t-test. Asterisk mean significant difference (P < 0.05). --------------------------------------------------------------------------------------------------- 
------------------------------------------------------------------------------------------------------WET WEIGHTS OF ISOLATED TISSUES AND THEIR CONTENTS, AND pH IN THE CONTENTS OF THE SMALL INTESTINE, CECUM AND COLON IN RATS FED THE CONTROL OR DFAIII DIET FOR 14 DAYS
----------------------------------------------------------------------------------------------------- Control diet DFAIII diet P-value ------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------MORPHOLOGICAL INDICES OF ISOLATED EPITHELIAL TISSUE IN THE CECUM IN RATS FED THE CONTROL OR DFAIII DIET FOR 14 DAYS
Outer circumference (O)(mm) 13.7 ± 1. 
Small intestine 114.6 ± 13. 
Values are mean ± SEM (n = 8). The amount of each and total SCFAs (sum of acetic, propionic, n-butyric, iso-butyric n-valeric and iso-varelic acid) and other organic acids (succinic and lactic acid) in the contents of the cecum were analyzed by unpaired t-test.
Asterisks mean significant difference (P < 0.05). 
Relationship between Ca absorption of the cecal epithelium, each cecal factor and the cecal contents were evaluated by regression analysis (n =16). Correlation between Ca absorption (nmol/min· cm) and cecal weight (g), cecal content weight (g), cecal content pH, morphological indices of cecal tissue cross-section, each and total SCFAs, and organic acid concentration (µmol/ g cecal contents) were expressed. Asterisks mean significant correlation (P < 0.05). 
